We have determined the complete nucleotide sequence of the ONA of the immunosuppressive variant of the parvovirus minute virus of mice (MVMi) and compared it to the published sequence (12) of the fibroblast-specific strain (MVMp). We have found 175 differences between the two viruses, most of which affect single nucleotides. Despite these differences, the genomic organization of MVMp and MVM1 1s Identical. There are 29 am1no-add changes between the putative viral gene products of MVM1 and MVMp, 16 of which are conservative. We discuss the possibility that the differential tissuespecifidty of the two variants is linked to differences within the nontranscribed region near the 5' end of the viral genomes.
INTRODUCTION
The autonomous parvoviruses, to which the minute virus of mice (MVM,1) belongs, are non-enveloped icosahedral viruses which infect mammalian cells (2, 3) . These viruses are dependent for their own replication on factors transiently expressed during the S phase of growing host cells (2) (3) (4) (5) . In addition, host cells must be 1n a specific differentiated state to support lytic viral infection (2, 6) . The genome of the autonomous parvoviruses is a linear single-stranded DNA molecule approximately 5100 bases long. Upon penetration of the virus Into the host cell, the virion DNA is uncoated and converted to a double-stranded monomeric replicative form DNA (RF).
Multimeric forms of the RF have also been detected (2, 3) .
In 1976, Bonnard et al. (7) reported that a virus related to MVM was present in the culture fluid of a subline of the murine lymphoma cells EL-4(G-). This virus grew in lymphocytes, was Immunosuppressive for ailogeneic mixed leukocyte cultures as 1t inhibited T-cell mediated functions (8) , and was therefore called MVMi (for immunosuppressive, 9). The Immunosuppressive phenotype of MVM1 1s linked to its altered host range relative to the prototype strain of MVM (MVMp) which grows 1n fibroblasts. Both viruses grow in hybrids of the two cell types (10) . MVMp and MVMi bind to the same were obtained from W. M. Barnes (Washington University, Saint Louis, M0.)> while the plasmid pEMBL9+ and the phage IR1 (16) were obtained through S. Kvist.
The vector mWB2344 can carry inserts as large as 10 kbp in a stable form and is of clear advantage 1n sequencing DNAs larger than 1 kbp. We derived new vectors from mWB2344: the polylinker of mWB2344 was exchanged with that of M13 mp8 (17) to generate mWB238* (orientation of the polylinker equivalent to M13 mp8). mWB239* was derived from mWB238* by inversion of the polylinker. We then removed the two extra AccI and BamHI sites still present in mWB238* and mWB239* by replacing the short Clal fragment of these vectors with the corresponding one of Ml3 mp8. This made them equivalent to M13 mp8 and M13 mp9, and we called them mWB238 and mWB239 respectively. Cloning procedures.
Most of the recombinant DNA work was done according to standard procedures (18) .
Full length HVM1 double-stranded repHcative form DNA (RF) was cloned after addition of oligo dC tails in pBR322. MVMi RF with oligo dC tails was annealed to pBR322 with oligo dG tails at the PstI site and the resulting hybrid molecules were used to transform E. coli HB101 cells (19) . Restriction fragments of the RF were cloned 1n mWB238* after addition of Sail linkers to each end of the RF.
Addition of Sail linkers and cloning of large fragments of MVM1 RF were done as follows: 15 pg of MVM1 RF were treated with 100 units of SI nuclease in a 50 nl reaction containing 50 mM NaOAc pH 4.8, 100 mM NaCl and 1 mM ZnC^ for 30 min on 1ce. After phenol-chloroform extraction followed by ethanol precipitation, the DNA was resuspended in 50 pi of T4 DNA polymerase buffer (33 mM Tris-acetate pH 7.9, 66 mM KOAc, 10 mM MgOAc^, 0.5 mM DTT, 200 JJM each dNTP and 100 pg/mi BSA) and treated with 2.5 u of T4 DNA polymerase for 15 m1n at 37°C. The DNA was then extracted and ethanol precipitated and Ugated to Sail linkers. After digestion with either Xhol or Hindi 11, the DNA was 11 gated to appropriate mWB238* vectors and used to transform WB373 cells.
The terminal Mspl fragment at the 5' end of the viral genome was cloned as follows: 5 pg of virion DNA was converted to a double-stranded extended form with 5 u of the Klenow fragment of E. coll DNA polymerase I 1n a 200 jjl reaction containing 10 mM Tr1s-HCl pH 7.5, 50 mM NaCl, 6 mM MgCl 2 , 6 mM $-mercapto-ethanol, 200 JJM each dNTP and 50 jjg/ml BSA for 30 min at 15°C. After addition of another 5 u of the Klenow fragment, the reaction was allowed to proceed for a further 1 hr at 37°C. The ONA was then digested with Xbal and the fragment containing the extended palindrome of the viral 5' end was purified by gel electrophoresis in low-gelling agarose. After digestion with Mspl and conversion to a blunt ended form with the Klenow fragment, the DNA molecules were inserted into mWB238.
Plasmid and Ml3 replicative form DMAs from mini-cultures were purified by a modification of the method of Birnboim and Doly (20) . The bacteria from a 1.5 ml culture were pelleted by centrifugation and resuspended in 100 ;J1 of 10 mM Tr1s-HCl pH 7. The preparation of single-stranded template DNA and the sequencing reactions were done essentially according to Sanger et al. (21, 22) . To eliminate strong pause sites for the polymerase, we Included the T4 gene 32 protein in some of our reactions. The technique was kindly communicated by C. Cralk (University of California, San Francisco). This was indispensable for reading the viral strand between position 4915 and 4900 and the copy strand between position 5050 and 5065, which both contain clusters of cytosines. In GC-rich stretches (particularly within the terminal palindromes), reading of the sequencing gels was sometimes very difficult or Impossible. Band compressions were resolved by running the sequencing gels at 70°C and reading both strands simultaneously.
Overlapping DNA fragments for sequencing were generated according to Hong (23) with the following modifications. We started with 10-30 jig of supercoiled replicative form DNA of Ml3 or pEMBL9+ recombinants, and replaced the selection of high molecular weight DNA with polyethylene glycol by an ionic exchange chromatography using NACS 52 minicolumns.
RESULTS

Sequence determination.
We used the monomeric double-stranded repHcative form ONA (RF) extracted from infected cells as the main source of material for sequencing. The different clones derived from the RF and others used in the course of the sequence determination are depicted in Fig. 1 . The sequence was determined on both strands and overlaps between adjacent fragments were found at least on one strand. The orientation of reference throughout this paper corresponds to that of the viral strand (I.e. the encapsidated DNA strand), unless otherwise specified. The 3' end 1s on the left and the 5 1 end 1s on the right. The RF 1s the template for RNA synthesis which occurs from left to right. Whenever a nucleotide is mentioned, it refers to a nucleotide In the strand complementary to the virion DNA, unless otherwise specified.
The EcoRI-Hindlll fragments from 21 map units (mu) to 52 mu (i2152)
and from 52 to 69 mu (15269, see Fig. 1 ), and the PstI fragment containing the 5'end, 166100, were derived from MVM1 RF cloned in pBR322 after addition of oligo dC tails, and subcloned in M13 mp8 or M13 mp9. 10052, i4198 and 15299 were derived from restriction fragments of MVM1 RF cloned 1n mWB238* or pEMBL 9+ after addition of Sail linkers to both ends of the RF. From these fragments, adjacent overlapping clones were generated using the We obtained two independent clones containing the 3' terminal palindrome, one derived from the RF with oligo dC tails, the other from the RF to which Sail linkers were added. The nucleotide adjacent either to the oligo dC tail or to the Sail linker was the same 1n both clones. We assumed We have compared the complete nucleotide sequence of the genome of MVMi to the published sequence of MVMp (12) . A listing of all the differences found between the two viruses 1s given in Table 1 Aw-W 2   1  3  3  3  3  3  3   3  3  3  3  3  3  3  1  3  3  3  3  3  3  3 TV 5 Among single nucleotide differences, the most frequent correspond to transitions from "A" to "G" (27Z), from "T" to "C" (17Z), from "G" to "A" (162) and "C" to "T" (15%). Each possible transversion is represented with frequencies varying from 0.6Z (G to C) to 6.3Z (A to T). These data are summarized 1n Table 2 .
The distribution of the nucleotide differences along the genome is shown 1n Fig. 3 as a 
